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(54) OPTICAL RECORDING DEVICE AND OPTICAL RECORDING MEDIUM 



(57) An optical recording device which enables 
high-density recording onto an optical recording 
medium, has a large degree of margin in depth of focus, 
has less risk of damage to the optical recording medium 
or an optical system, realizes stable recording and 
reproducing characteristics, and may be easily manu- 
factured. The optical recording device includes an opti- 
cal recording medium having a lubricant layer on the 
outermost surface on the incident light side, an opucal 
system including an oprical waveguide having a near- 
field lens or a minute aperture provided in contact with 
or close to the optical recording medium, and a light 
source. More preferably, an apotizer is provided on the 
side of the light source or the side of the near-field lens 
of a collimating lens located between the near-field lens 
and the light source. The optical recording medium is 
constituted by a multilayer body formed by stacking at 
least a luburicant layer, a recording layer, a dielectric 
layer, a reflective layer and a substrate in this order. 
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Description 
Technical field 

[0001] The present invention relates to an optical 5 
recording device using an optical recording medium 
allowing information to be recorded or reproduced by 
irradiation with light, and also relates to an optical 
recording medium preferably used in this device. 
[0002] Especially the present invention relates to an w 
improvement of an optical recording device using a solid 
immersion lens, etc. for recording with an objective lens 
having a high numerical aperture kept close to the sur- 
face of a recording medium, which allows recorded 
information to be erased and rewritten and allows infor- 75 
mation signals to be recorded at a high speed and at a 
high density. 

Background arts 

20 

[0003] Conventional optical recording systems for 
recording by near-field light with an objective lens hav- 
ing a high numerical aperture kept in contact with or 
closely spaced from the surface of a recording medium 
are as described below. 25 
[0004] An optical recording system of this type using 
a solid immersion lens is disclosed in US Patent No. 
5,125,750. 

[0005] The optical system uses an objective lens 
including an aspherical surface with an about 0.5 30 
numerical aperture as used in an ordinary optical 
recording head, as a collimator, and the flat surface of a 
hemi spherical lens is disposed between the lens and a 
recording medium, in contact with the surface of the 
recording medium, or being closely spaced from the 35 
surface with a slight clearance corresponding to the 
wavelength of the light used. In this case, the effective 
numerical aperture increases by a factor corresponding 
to the refractive index of the hemi spherical lens, to 
reduce the beam diameter, for allowing high density 40 
recording. 

[0006] As a technique for improving the above tech- 
nique, SPIE, Vol. 2412, P. 80 proposes an optical 
recording system using a stigmatic focusing solid 
immersion lens. In this case, the effective numerical 45 
aperture is improved to about the square of the refrac- 
tive index of the lens. 

[0007] As an optical recording medium used when the 
gap between the surface of a lens and the surface of the 
optical recording medium is as small as microns, US so 
Patent No. 5,470,627 proposes an optical recording 
medium in which a recording layer is provided on the 
incident light side on a substrate and is protected on the 
surface by a protective layer. 

[0008] A method of recording at a high density by 55 
using the near-field light emitted from a minute aperture 
at the tip of a finely worked optical waveguide of a sem- 
iconductor laser is proposed in US Patent No. 



5,625,617, and a method of recording at a high density 
using the near-field light emitted from a minute aperture 
at a tapered tip of an optical fiber waveguide is pro- 
posed in Appl. Phys. Lett. 61, 142 (1992). 

Disclosure of the invention 

[0009] However, these prior arts have the following 
problems. 

[0010] Firstly, in the near-field light recording by an 
objective lens having a high numerical aperture such as 
a solid immersion lens or stigmatic focusing solid 
immersion lens or by an optical waveguide having a 
minute aperture kept in contact with or closely spaced 
from a recording medium surface, since the distance 
between the surface of the optical recording medium 
and the light emitting face of the lens or optical 
waveguide is very small (not larger than 1/2 of the light 
wavelength, typically less than about 200 nm), the sur- 
face of the optical recording medium is likely to contact 
the light emitting face of the optical system, threatening 
to abrade or damage the surface of the optical recording 
medium. 

[0011] A first object of the present invention is to pro- 
vide an excellent optical recording medium which allows 
high density recording, is less likely to be abraded or 
damaged and is easy to produce, and also to provide an 
optical recording device using the optical recording 
medium. 

[0012] Secondly, when an optical system having a 
high numerical aperture such as a solid immersion lens 
is applied for optical recording, since the depth of focus 
is almost proportional to the wavelength/{2 • (numerical 
aperture 2 )}, the allowance in the depth of focus 
becomes very smail (approximately less than 1/4 of the 
conventional allowance) for variations of the focus posi- 
tion such as the deviations of the auto focusing mecha- 
nism, the relative position control mechanism between 
the optical recording medium surface and the lens, and 
the thicknesses of the substrate and recording layer of 
the optical recording medium. 

[0013] A second object of the present invention is to 
provide an optical recording medium which has a larger 
allowance in the depth of focus, allows large capacity 
recording, is stable in recording and reproducing char- 
acteristics, and is easy to produce, and also to provide 
an optical recording device using the optical recording 
medium. 

[0014] These objects of the present invention can be 
achieved by the optical recording device and optical 
recording medium described below. 

First optical recording device of the present invention: 

[0015] An optical recording device, which comprises 
an optical recording medium, an optical system for 
entering information into the optical recording medium 
or delivering information from the optical recording 
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medium, and a light source, characterized in that the 
outermost layer of the optical recording medium facing 
the optical system is a lubricant layer, and that the opti- 
cal system has a near-field lens provided in contact with 
or closely to the surface of the outermost layer of the 5 
optical recording medium. 

[0016] In this device, it is preferable that the near-field 
lens has an effective numerical aperture of 0.8 to 2. 

Second optical recording device of the present inven- w 
tion: 

[0017] An optical recording device, which comprises 
an optical recording medium, an optical system for 
entering information into the optical recording medium 15 
or delivering information from the optical recording 
medium, and a light source, characterized in that the 
outermost layer of the optical recording medium facing 
the optical system is a lubricant layer, and that the opti- 
cal system has a near-field lens provided in contact with 20 
or closely to the surface of the outermost layer of the 
optical recording medium, a collimating lens provided 
between the near-field lens and the light source, and an 
apodizer provided on the light source side or the near- 
field lens side of the collimating lens. 25 
[0018] In this device, the collimating lens means a 
lens which has two actions of collimating light when 
information is delivered, i.e., reproduced from the opti- 
cal recording medium, and focusing light when informa- 
tion is entered, i.e., recorded into the optical recording 30 
medium. 

[0019] In this device, it is preferable that the near-field 
lens has an effective numerical aperture of 0.8 to 2. 

Third optical recording device of the present invention: 35 

[0020] An optical recording device, which comprises 
an optical recording medium, an optical system for 
entering information into the optical recording medium 
or delivering information from the optical recording 40 
medium, and a light source, characterized in that the 
outermost layer of the optical recording medium facing 
the optical system is a lubricant layer, and that the opti- 
cal system has an optical waveguide having a minute 
aperture provided in contact with or closely to the sur- 45 
face of the outermost layer of the optical recording 
medium. 

[0021] The optical recording medium of the present 
invention is an optical recording medium in which a 
recording layer formed on a substrate is irradiated with so 
light to allow information to be recorded or reproduced, 
comprising a laminate with a lubricant layer, a recording 
layer, a dielectric layer, a reflective layer and a substrate 
laminated in this order. 

[0022] Furthermore, the optical recording device and 55 
optical recording medium of the present invention 
include the following preferable embodiments: 



(a) The near-field lens is any one of a solid immer- 
sion lens, stigmatic focusing solid immersion lens 
and liquid immersion lens. 

(b) Both the surfaces of the near-field lens on the 
light source side and the optical recording medium 
side are spherical. 

(c) The distance between the surface of the record- 
ing medium and the surface of the near-field lens in 
the periphery of the incident light beam spot on the 
surface of the optical recording medium on the inci- 
dent light side is 10 nm to 200 nm. 

(d) The near-field lens is made of a material mainly 
composed of aluminum oxide. 

(e) The optical recording medium is a laminate with 
a lubricant layer, a recording layer, a dielectric layer, 
a reflective layer and a substrate laminated in this 
order. 

(f) The optical recording medium is a laminate with 
a lubricant layer, a first dielectric layer, a recording 
layer, a second dielectric layer, a reflective layer 
and a substrate laminated in this order. 

(g) A protective resin layer exists between the lubri- 
cant layer and the recording layer. 

(h) The lubricant layer is a lubricant layer formed by 
a flowable liquid (hereinafter called a liquid lubricant 
layer). 

(i) The lubricant layer is a lubricant layer formed by 
a solid (hereinafter called a solid lubricant layer), 
(j) The lubricant layer consists of a solid lubricant 
layer and a liquid lubricant layer formed on it. 

(k) The thickness of the liquid lubricant layer is not 
larger than 1/2 of the wavelength in vacuum of the 
light used for recording or reproducing and not 
smaller than 3 nm. 

(I) The lubricant of the liquid lubricant layer contains 
at least one compound selected from a group con- 
sisting of polyfluoroethers, polyfluoroesters, fluoro- 
alkylethylenes and fluoroalkylethanols. 
(m) The solid lubricant layer is mainly composed of 
carbon or carbon nitride. 

(o) The recording layer is made of . a phase change 
recording material or magneto-optical recording 
material. 

(p) The recording layer is made of a phase change 
recording material containing tellurium and at least 
two metals selected from a group consisting of ger- 
manium, antimony, indium, silver, palladium, plati- 
num, gold, cobalt, chromium, niobium and nickel, 
(q) The thickness of the first dielectric layer is 20 nm 
to 200 nm. 

(r) The substrate is made of at least one resin 

selected from a group consisting of polycarbonates, 

polyolefins, polyimides, polyamides, polyphenylene 

sulfide and polyethylene terephthalate. 

(s) The substrate is a flexible resin film or sheet with 

a thickness of 10 urn to 200 urn. 

(t) The apodizer has a zonal aperture, or a circular 

or annular phase contrast plate. 
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(u) The apodizer is formed by a circular phase cor- 
rection plate. 

(v) The apodizer is formed by an annular phase cor- 
rection plate. 

(w) The apodizer is provided on the light source 5 
side of the collimating lens. 

Brief description of the drawings 

[0023] io 

Fig. 1 is a typical front view showing an example of 
the optical recording device of the present inven- 
tion. 

Fig. 2 is a typical front view showing a portion of the 15 
optical system containing a near-field lens and an 
optical recording medium used in another example 
of the optical recording device of the present inven- 
tion. 

Fig. 3 is a typical front view showing a further other 20 
example of the optical recording device of the 
present invention. 

Fig. 4 is a typical plan view showing an embodiment 
of the apodizer preferably used for the optical 
recording device of the present invention. 25 
Fig. 5 is a typical side view of the apodizer shown in 
Fig. 4. 

Fig. 6 is a typical plan view showing another 
embodiment of the apodizer preferably used for the 
optical recording device of the present invention. 30 
Fig. 7 is a typical side view of the apodizer shown in 
Fig. 6. 

Fig. 8 is a typical plan view showing a further other 
embodiment of the apodizer preferably used for the 
optical recording device of the present invention. 35 
Fig. 9 is a typical side view of the apodizer shown in 
Fig. 8. 

Fig. 10 is a typical cross sectional view showing an 
example of the optical recording medium of the 
present invention. *o 
Fig. 11 is a typical cross sectional view showing 
another example of the optical recording medium of 
the present invention. 

Fig. 12 is a typical cross sectional view showing a 
further other example of the optical recording 45 
medium of the present invention. 
Fig. 13 is a typical cross sectional view showing a 
still further other example of the optical recording 
medium of the present invention. 

Fig. 14 is a typical cross sectional view showing a so 
still further other example of the optical recording 
medium of the present invention. 

The best embodiments of the invention 

55 

[0024] Embodiments of the present invention and their 
actions are described below. 

[0025] The optical recording device of the present 



invention shown in Fig. 1 comprises a laser drive circuit 
7, a semiconductor laser 6, a beam splitter 4, a collimat- 
ing lens 2, a near-field lens 3, a liquid lubricant layer as 
a lubricant layer 1 on the outermost surface of art optical 
recording medium 8, the optical recording medium 8 
having a phase change type recording layer 9 below the 
lubricant layer 1, a condenser lens 10, and a photo 
diode 5. The near-field lens 3 and the liquid lubricant 
layer 1 contact each other, to form a liquid immersion 
lens. 

[0026] In Fig. 1 , the semiconductor laser 6 is driven by 
the laser drive circuit 7, to emit a laser beam. The laser 
beam is turned toward the collimating lens 2 through the 
beam splitter 4. The laser beam passing through the 
collimating lens 2 is condensed on the optical recording 
medium 8 by the near-field lens 3. 
[0027] The light reflected from the optical recording 
medium 8 propagates through the near-field lens 3, the 
collimating lens 2 and the condenser lens 10, to fall on 
the photo diode 5, and the information recorded in the 
optical recording medium 8 brought by the reflected 
light is detected as electric signals. 
[0028] In the device of this example, the near-field 
lens 3 used can also be a solid immersion lens or stig- 
matic focusing solid immersion lens. In this case, a very 
thin air layer of about 100 nm exists between the surface 
of the lubricant layer 1 and the surface of the near-field 
lens 3. 

[0029] In the device of this example, the lubricant layer 
1 used on the outermost surface of the optical recording 
medium 8 can also be a solid lubricant layer. 
[0030] In the device of this example, though not illus- 
trated, usually used optical head components such as a 
detection and control system for focusing of the optical 
system and a quarter wave plate are used. When a 
magneto-optical recording system is used, a magneto- 
optical head having a usually used polarization compo- 
nent detecting optical system is used. 
[0031] It is preferable that the surface of the near-field 
lens 3 on the light source side (semiconductor layer 6 
side) is spherical. The reasons are that a spherical lens 
can be more easily molded and polished than a non- 
spherical lens and can be higher in optical accuracy and 
lower in production cost. 

[0032] It is preferable that the surface of the near-field 
lens 3 on the optical recording medium 8 side is spheri- 
cal. The reason is that the area of the portion close to or 
in contact with the surface of the optical recording 
medium 8 can be small, and as a result, that even if 
roughness or dust exists on the surface of the optical 
recording medium 8 r the lens can follow or contact the 
surface of the optical recording medium 8 more accu- 
rately. 

[0033] The spherical form of the surface of the near- 
field lens 3 on the optical recording medium 8 side is 
described below in reference to Fig. 2. 
[0034] In Fig. 2, the near-field lens 3 is located below 
the collimating lens 2, and the optical recording medium 
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8 is located to face the under surface 3a of the near-field 
lens 3. On the upper surface of the recording layer 9 of 
the optica! recording medium -8, a surface protective 
layer 11 is provided. The surface protective layer 11 
contains, as required, a transparent substrate and a die- 
lectric layer and its outermost surface is a lubricant 
layer. 

[0035] The spherical form of the surface of the near- 
field lens 3 on the optical recording medium 8 is 
designed based on the thickness of the surface protec- 
tive layer 11 and the diameter 13 of the incident light 
beam 12 on the surface of the optical recording medium 
8. If the thickness of the surface protective layer 1 1 is 
large, the radius of curvature 14 of the surface of the 
lens 3 is kept small, and if the thickness is small, the 
radius of curvature 1 4 is kept large. 
[0036] If the distance between the surface of the opti- 
cal recording medium 8 and the surface of the near-field 
lens 3 in the periphery of the incident light beam 12 on 
the surface of the optical recording medium 8 is S, the 
diameter 13 of the incident light beam 1 2 on the surface 
of the optical recording medium 8 is D, and the radius of 
curvature 14 is R, then the following relation holds. 

S = R-(R 2 -(D/2) 2 ) 1/2 

[0037] If the value of the distance S is not larger than 
200 nm, the beam spot form of the incident light beam 
12 becomes good preferably. Furthermore, to better 
manifest said effect due to the spherical surface, it is 
preferable that the value of the distance S is 10 nm or 
more. Based on these conditions, the value R of the 
radius of curvature 14 is decided. 

[0038] If the thickness of the surface protective layer 
11 is T and the spread angle 15 of the incident light 
beam (focusing beam) is 0, then relations of 
D = T ■ tan 9 and R = S/2 + T 2 /8S hold. From these 
relations, the value R of the radius of curvature 14 is 
decided. 

[0039] On the other hand, the spherical form of the 
near-field lens 3 on the light source side can be the 
spherical form used in the conventional solid immersion 
lens or stigmatic focusing solid immersion lens. 
[0040] It is preferable that the collimating lens 2 is a 
non-spherical lens with a numerical aperture of 0.3 to 
0.7 corrected in aberration. If the numerical aperture is 
less than 0.3, the effect of reducing the size of the beam 
spot of the incident light beam 12 is small, and if more 
than 0.7, the inclination and the axial displacement at 
the time of assembling are required to be more severely 
accurate. 

[0041] As the collimating lens 2, a collimating lens 
marketed for a semiconductor laser can be used. How- 
ever, if an ordinary marketed lens is used as it is, it must 
be corrected in the aberration corresponding to the 
cover glass. An objective lens designed for an optical 
disc or CD optical pickup can also be used as the colli- 
mating lens 2 if corrected in spherical aberration. 



[0042] It is advantageous for production that the effec- 
tive diameter of the collimating lens 2 is 2 mm to 7 mm. 
The collimator lens 2 is made of optical glass or resin 
like the near-field lens 3. 
5 [0043] The effective numerical aperture of the optical 
system including the near-field lens 3 is expressed as 
n • sin8 wherein 8 is the spread angle of the convergent 
beam 14 and n is the refractive index of the near-field 
lens 3. 

w [0044] The value of the numerical aperture is not 
especially limited, but it is preferable that the numerical 
aperture is 0.8 to 2. Especially preferable is 1.5 or less. 
If the value of the numerical aperture is less than 0.8, 
the advantage in view of high densification is small com- 

15 pared to the objective lens of the conventional optical 
disc. If more than 1 .5. the accuracy required in the dis- 
position of the lenses of the optical system becomes 
suddenly very severe, and since the depth of focus 
becomes shallow, it becomes difficult to maintain focus- 

20 ing in the recording with the lens moved for scanning. 
[0045] For the support mechanism of the near-field 
lens 3 and the scanning method on the optical recording 
medium 8, for example, the floating head structure of 
the hard disc used hitherto can be used. For details, see 

25 Appl. Phys. Lett. 68 (2), 8 (1996). 

[0046] A case of using an optical waveguide having a 
minute aperture in the optical system as another 
embodiment of the optical recording device of the 
present invention is described below. Optical 

30 waveguides with a minute aperture are disclosed in US 
Patent No. 5,625,617 and Appl. Phys. Lett. 61, 2, 13, 
(1992). Optical waveguides with a minute aperture dis- 
closed in the above can be directly adopted in the opti- 
cal system of the optical recording device of the present 

35 invention. An optical waveguide with a minute aperture 
is combined with an optical recording medium having a 
lubricant layer as the outermost layer, to constitute the 
optical recording device of the present invention. 
[0047] If the near-field lens 3 is provided in contact 

40 with a liquid lubricant layer formed as the lubricant layer 
1 , to form a liquid immersion. lens, the difference in 
refractive index between the lens and the liquid lubricant 
is smaller than the difference in refractive index between 
the lens not immersed and air (refractive index 1), since 

45 the refractive index of the lens material is usually about 
1.5 to 2 while the refractive index of the liquid lubricant 
is usually about 1.5. 

[0048] So, the numerical aperture of the collimating 
lens 2 becomes high, and the critical angle at which the 

50 marginal rays inside the lens are totally reflected is 
expanded. Therefore, compared to a non-immersed 
lens with the same effective numerical aperture, the dis- 
tance between the lens and the dielectric layer or 
recording layer 9 of the optical recording medium 8 can 

55 be kept larger to allow easier constitution of the optical 
system. 

[0049] For example, if a hemi spherical optical glass 
lens with a high refractive index (ng = 1 .84) is used as 
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the near-field lens 3, together with a liquid lubricant with 
a refractive index of 1.5, the NA of the collimator lens 2 
becomes maximum about 0.8 and the effective numeri- 
cal aperture of the optical system becomes maximum 
about 1.5. To avoid the occurrence of spherical aberra- 5 
tion. it is preferable that the thickness of the liquid lubri- 
cant layer for immersion is smaller. 
[0050] Furthermore if a stigmatic focusing solid 
immersion lens satisfying the aplanatic condition is 
used as the immersion lens, with the numerical aperture 10 
NA of the collimating lens 2 as 0.5, the refractive index 
of the immersion lens as 1.84 and the refractive index of 
the liquid lubricant as 1.5, the effective numerical aper- 
ture of the optical system is 1.69. 

[0051] As described before, since the critical angle of 15 
the interface is larger compared to a case where an air 
layer intervenes, stable recording and reproduction can 
be achieved for variations of distance between the lens 
3 and the optical recording medium 8, compared to a 
case of realizing the same effective numerical aperture 20 
by a non-immersed stigmatic focusing solid immersion 
lens. 

[0052] An especially preferable embodiment is that 
the thickness of the liquid lubricant layer is not more 
than 1/2 of the wavelength in vacuum of the light used 25 
for recording or reproduction and not less than 3 nm. In 
this case, the evanescent light can be transmitted with- 
out being greatly attenuated, and the immersion state 
can be sufficiently maintained. 

[0053] It is preferable to use a liquid lubricant since the 30 
abrasion and damage between the lens 3 and the opti- 
cal recording medium 8 can be decreased when the 
surface of the optical recording medium 8 is scanned 
with the lens 3, and since the distance between the lens 
3 and the optical recording medium 8 can be stably 35 
maintained by surface tension, inter-molecular force, 
etc. 

[0054] Also when an optical waveguide having a 
minute aperture is used for recording, it is preferable to 
fill the elegance between the aperture of the optical 40 
waveguide and the surface of the optical .recording 
medium 8 with a liquid lubricant, since the wavelength 
of light in the liquid lubricant becomes as short as the 
value obtained by dividing the wavelength in vacuum by 
the refractive index, lessening the diffusion of the near- 45 
field light propagating from the minute aperture. 
[0055] The liquid lubricant is not especially limited. 
The liquid lubricants which can be used here include 
lubricants, surfactants, etc. such as polyfluoroethers, 
polyfluoroesters, fluoroalkylethylenes and fluoro- so 
alkylethanols. The refractive index is not especially lim- 
ited, but it is preferable that the refractive index is about 
1.4 to about 1.7. 

[0056] The materials which can be used to form the 
near-field lens 3 include glass materials for optical 55 
lenses such as BK7. It is especially preferable to use a 
glass material with a high refractive index such as 
LaSFNg (refractive index 1.85) or a semiconductor 



material with a high refractive index such as GaAs or Si 
for the lens 3 since the effective numerical aperture can 
be made larger. 

[0057] It is preferable that the radius of the near-field 
lens 3 is about 0.5 mm to about 3 mm, since the lens 3 
can be easily produced and since the it is not required 
to keep the action distance of the collimating lens 2 
large. 

[0058] Furthermore, a spherical lens formed by a 
material mainly composed of aluminum oxide such as 
sapphire is preferable since the abrasion and flaws on 
the surface of the lens 3 caused when the surface of the 
optical recording medium 8 contacts the lens 3 can be 
decreased. 

[0059] The edge of the lens 3 can also be worked, as 
required, to be tapered, for example, as disclosed in US 
Patent No. 5,125,750. 

[0060] A further other embodiment of the optical 
recording device of the present invention is described 
below. 

[0061] The optical system for emitting light comprises 
a collimating lens located on the light source side and a 
near-field lens with an effective numerical aperture of 
0.8 to 2 provided in contact with or closely to an optical 
recording medium, and an apodizer is disposed on the 
entrance pupil side of the light source side of the colli- 
mating lens or on the exit pupil side. 
[0062] In this embodiment, a case of using a solid 
immersion lens is described below. However, a stig- 
matic focusing solid immersion lens or liquid immersion 
lens can also be used instead of the solid immersion 
lens. 

[0063] The optical recording device of the present 
invention shown in Fig. 3 comprises a laser drive circuit 
21, a semiconductor laser 22, a beam splitter 23, an 
apodizer 24, a collimating lens 25, a solid immersion 
lens as a near-field lens 26, a solid lubricant layer as a 
lubricant layer 27 on the outermost surface of an optical 
recording medium 28, the optical recording medium 28 
having a recording layer (not illustrated) below the lubri- 
cant layer 27, a condenser lens 29 and a photo diode 
30. The near-field lens 26 faces the solid lubricant layer 
27 with a slight clearance kept between them. 
[0064] In Fig. 3, the semiconductor laser 22 is driven 
by a laser drive circuit 21, to emit a laser beam. The 
laser beam is turned toward the collimating lens 25 from 
the beam splitter 23 through the apodizer 24. The laser 
beam passes through the collimating lens 25 and the 
near-field lens 26, being condensed on the optical 
recording medium 28. 

[0065] The light reflected from the optical recording 
medium 28 propagates through the near-field lens 26, 
the collimating lens 25, the apodizer 24 and the con- 
denser lens 29, to fall on the photo diode 30, and the 
information recorded in the optical recording medium 28 
brought by the reflected light is detected as electric sig- 
nals. 

[0066] The apodizer 24 has effects of increasing the 
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depths of focuses of the collimating lens 25 and the 
solid immersion lens 26 and reducing the beam waist of 
the laser light beam condensed by the solid immersion 
lens 26. 

[0067] The method of improving the focus character- 5 
istic of the solid immersion lens (or said stigmatic focus- 
ing solid immersion lens or liquid immersion lens) used 
as the near-field lens 26 by combining the collimating 
lens 25 with the apodizer 24 has been found for the first 
time in the present invention. w 
[0068] It is preferable that the apodizer 24 is installed 
on the entrance pupil side of the light source side of the 
collimating lens 25 as shown in Fig. 3, since the aberra- 
tion can be kept small. However, it can also be disposed 
on the exit pupil side of the collimating lens 25. is 
[0069] Structural examples of the apodizer 24 are 
shown in Figs. 4, 6 and 8. Figs. 4 and 5 show an exam- 
ple of an annular phase correction plate. Figs. 6 and 7 
show an example of a circular phase correction plate. 
Figs. 8 and 9 show an example of a center mask with a 20 
light intercepting portion at the center. Though not illus- 
trated, as a further other structural example of the apo- 
dizer, a zonal aperture mask can also be used. 
[0070] Especially the annular phase correction plate 
shown in Fig. 4 and the circular phase correction plate 25 
shown in Fig. 6 are preferable since the intensity of the 
convergent light beam at the center is high. The former 
annular phase correction plate beam is more preferable 
since the side lobe can be kept small. 
[0071] The structures of the phase correction plates 30 
used for the apodizer 24 are described below. 
[0072] Fig; 4 is a plan view showing an annular phase 
correction plate, and Fig. 5 is a cross sectional view of 
it. In Fig. 4, the phase correction plate 31 is usually pro- 
duced by forming a dielectric film on a glass substrate 35 
32 by vacuum evaporation or sputtering, etc. to ensure 
that the phase contrast becomes almost p as the optical 
thickness, and subsequently etching the formed dielec- 
tric film for forming a ring. 

[0073] The circular Dhase correction plate of Fig. 6 40 
and the center mask of Fig. 8 can also be produced by 
similar methods. 

[0074] They can also be produced by direct molding 
from glass, or coating a glass substrate with a photo 
resist, patterning and etching. <s 
[0075] In Fig. 4, arrow 33 indicates the radius of the 
opening 34 of the apodizer 31 . The shaded annular por- 
tion 35 is raised from the surrounding flat portion by the 
thickness corresponding to the phase contrast p. In Fig. 
5, arrow 36 indicates the radius of the circumference of so 
the annular portion 35, and arrow 37 indicates the cir- 
cumference of the space inside the annular portion 35. 
[0076] If the radius 36 of the circumference of the 
annular portion 35 is a, the radius 37 of the space inside 
the annular portion is b and the radius 33 of the opening 55 
34 is 1, then it is preferable that a is in a range from 
about 0.4 to about 0.5 and that b is in a range from 
about 0.15 to about 0.35, since a good phase correction 



plate 31 can be obtained. 

[0077] In Figs. 6 and 7, arrow 39 indicates the radius 
of the circular portion 38. If the radius 39 of the circular 
portion 38 is c. it is preferable that c is in a range from 
about 0.2 to about 0:4, since a good phase correction 
plate 31 can be obtained. 

[0078] In Figs. 8 and 9, arrow 41 indicates the radius 
of the intercepting portion 40. If the radius 4 1 of the 
intercepting portion 40 is d, it is preferable that d is in a 
range from about 0.2 to about 0.4 since a good phase 
correction plate 31 can be obtained. 
[0079] The annular portion 35, the circular portion 38 
and the intercepting portion 40 have a projected sec- 
tional form, but the projected sectional form can be sub- 
stituted, for example, by an undulating form as far as the 
object can be achieved. 

[0080] Embodiments of the optical recording medium 
of the present invention are described below. 
[0081] The optical recording medium of the present 
invention basically has a lubricant layer as the outer- 
most layer. The lubricant layer is a liquid lubricant layer 
or a solid lubricant layer. 

[0082] So, when the optical recording medium of the 
present invention contacts the near-field lens or optical 
waveguide provided in contact with or closely to the sur- 
face of the optical recording medium, it does not happen 
that the surface of the recording medium and the optical 
system are damaged. 

[0083] For the optical recording medium of the present 
invention, preferable embodiments suitable for respec- 
tive applications are enumerated below. The order of 
respective layers stated blow means that the respective 
layers are laminated in this order from the incident light 
side. 

[0084] When the optical recording medium is exclu- 
sively used for reproduction, the respective laminates 
composed as follows are preferable. 

M1: Liquid lubricant layer/reflective layer/substrate 
having pits 

M2: Solid lubricant layer/reflective layer/substrate 
having pits 

M3: Liquid lubricant layer/solid lubricant 
layer/reflective layer/substrate having pits 
M4: Liquid lubricant layer/dielectric layer/reflective 
layer/substrate having pits 

M5: Liquid lubricant layer/solid lubricant layer/die- 
lectric layer/reflective layer/substrate having pits 

When the optical recording medium is used for 
additional writing, the respective laminates com- 
posed as follows are preferable. 
M6: Liquid lubricant layer/recording layer/substrate 
having pits and/or tracking groove 
M7: Liquid lubricant layer/solid lubricant 
layer/recording layer/substrate having pits and/or 
tracking groove 

M8: Liquid lubricant layer/solid lubricant layer/die- 
lectric layer/recording layer/substrate having pits 
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and/or tracking groove 

M9: Liquid lubricant layer/dielectric layer/recording 
layer/substrate having pits and/or tracking groove 

The recording layer used in these laminates 
can be a phase change recording layer, colorant 5 
recording layer, etc. 

When the optical recording medium is used for 
rewriting, the respective laminates composed as 
follows are preferable. 

M10 (shown in Fig. 10): Liquid lubricant layer w 
51 /first dielectric layer 52/recording layer 53/second 
dielectric layer 54/reflective layer 55/substrate 56. 
The arrow 50 in Fig. 10 shows the incident light 
direction. 

M11: Solid lubricant layer/first dielectric 15 
tayer/recording layer/second dielectric layer/reflec- 
tive layer/substrate. 

M12: Liquid lubricant layer/recording layer/dielectric 
layer/reflective layer/substrate 

M13 (shown in Fig. 11): Solid lubricant layer 20 
61 /recording layer 62/dielectric layer 63/reflective 
layer 64/substrate 65. The arrow 60 in Fig. 1 1 indi- 
cates the incident light direction. 
M14 (shown in Fig. 12): Liquid lubricant layer 
71 /protective resin layer 72/adhesive layer/first die- 25 
lectric layer 73/recording layer 74/second dielectric 
layer 75/reflective layer 76/substrate 77. The arrow 
70 in Fig. 12 indicates the incident light direction. 
M15 (shown in Fig. 13): Solid lubricant layer 81 /pro- 
tective resin layer 82/adhesive layer/first dielectric 30 
layer 83/recording layer 84/second dielectric layer 
85/reflective layer 86/substrate 87. The arrow 80 in 
Fig. 13 shows the incident light direction. 
M16: Liquid lubricant layer/protective resin 
layer/adhesive layer/recording layer/dielectric 35 
layer/reflective layer/substrate. 
M17: Solid lubricant layer/protective resin 
layer/adhesive layer/recording layer/dielectric 
layer/reflective layer/substrate. 

M18 (shown in Fig. 14): Liquid lubricant layer 40 
91/solid lubricant layer 92/ftrst dielectric layer 
93/recording layer 94/second dielectric layer 
95/reflective layer 96/substrate 97. The arrow 90 in 
Fig. 14 indicates the incident light direction. 
M19: Liquid lubricant layer/solid lubricant 45 
layer/recording layer/dielectric layer/reflective 
layer/substrate. 

The above M14 and M15 are especially prefer- 
able. The recording layer used in these laminates 
can be a phase change recording layer or magneto- 50 
optical recording layer, etc. 

When the optical recording medium is an opti- 
cal recording medium having a magneto-optical 
recording layer, the respective laminates composed 
as follows are preferable. 55 
M20: Liquid lubricant layer/solid lubricant layer/die- 
lectric layer/recording layer/reflective layer/sub- 
strate. 



M21: Liquid lubricant layer/solid lubricant 
layer/recording layer/reflective layer/substrate. 

[0085] It is preferable that the substrate used in the 
above rewritable type optical recording media' has pits 
for a format and/or tracking or a tracking groove. The 
pits or groove has a secondary effect of easing the 
residual stress caused when thin films such as a record- 
ing layer, dielectric layer and reflective layer are formed 
on the surface, to decrease the deformation such as 
warping of the substrate. It is preferable that the depth 
of the pits or groove is less than about 1/6 wavelength. 
Especially preferable is about 1/8 wavelength. 
[0086] The materials, thicknesses, etc. of the respec- 
tive layers are described below. 

[0087] The liquid lubricant layer is as described 
before. It is preferable that the thickness is not larger 
than 1/2 of the light wavelength in vacuum and not 
smaller than 3 nm. A more preferable range is 5 nm to 
200 nm, and a further more preferable range is 5 nm to 
50 nm. 

[0088] It is preferable that the material used to form 
the solid lubricant layer is a material mainly composed 
of carbon or carbon nitride. More specifically, an amor- 
phous diamond-like carbon film or carbon nitride film 
can be used. 

[0089] These films are excellent in durability and pro- 
vide good lubricity when they contact the surface of the 
lens or optical waveguide. The layer thickness should 
be about 5 nm to about 100 nm. Especially if a liquid 
lubricant layer is provided on a solid lubricant layer, the 
lubrication effect can be further improved. 
[0090] The dielectric layer or first dielectric layer is 
formed by a dielectric material substantially transparent 
in the light wavelength range used for recording and 
reproduction. Specifically an inorganic thin film of ZnS, 
Si0 2 , silicon nitride, aluminum oxide, amorphous car- 
bon, diamond-like carbon or silicon carbide, etc. can be 
used. Especially a thin film of ZnS, metal oxide thin films 
of Si, Ge, Al, Ti, Zr, Ta, etc., nitride thin films of Si, Al, 
etc., carbide thin films of Si, Ti, Zr;.Hf, etc., and films of 
mixtures of these compounds are preferable since they 
have high heat resistance. 

[0091] Furthermore, films of these materials mixed 
with carbon or a fluoride such as MgF 2 are also prefer- 
able since they are small in residual stress. Especially in 
view of excellent stability and heat resistance, a mixture 
of ZnS and SiO and a mixture with carbon further added 
to it, and silicon nitride are preferable. 
[0092] It is preferable in view of the mechanical 
strength of the dielectric layer that the thickness of the 
dielectric layer or first dielectric layer is 20 nm to 200 
nm. If the thickness is too small, the dielectric layer is 
likely to be flawed, and if too large, such problems as 
lower productivity and warping due to film stress are 
caused. 

[0093] When a solid immersion lens, etc. is used for 
recording by use of near-field light, it is preferable that 



8 



15 



EP 0 977 192 A1 



16 



the refractive index of the lens is almost equal to that of 
the dielectric layer. So, it is preferable that the refractive 
index of the dielectric layer used is 1.7 to less than 2.3. 
[0094] When the recording film must be protected by 
a relatively thick layer, a protective resin layer can be 5 
provided, as required, between the. lubricant layer and 
the recording layer. In this case, the protective resin 
layer can be a flexible resin sheet or resin film, or a layer 
formed by coating with a ultra-violet light setting resin 
and hardening it. 10 
[0095] It is preferable that the thickness of the protec- 
tive resin layer is 20 um to 200 ^m. Especially it is pref- 
erable that a resin sheet or resin film is bonded using an 
adhesive such as an ultraviolet tight setting resin, etc., 
since other layers such as a solid lubricant layer can be 75 
pre-formed on the surface of the resin sheet or film. 
[0096] In the case of reproduction type, as the record- 
ing layer, a reflective metal film of aluminum, gold or sil- 
ver, etc. can be preferably used. In the case of 
additional writing type, a phase change recording mate- 20 
rial (Te sub-oxide or TeSbGe alloy) or dye recording 
material (cyanine dye, etc.) can be preferably used. Fur- 
thermore, in the case of rewritable type, a magneto-opti- 
cal recording material (TbFeCo alloy, etc.) or phase 
change optical recording material (TeSbGe alloy, etc.) 25 
can be preferably used. 

[0097] Especially it is preferable to use a phase 
change recording material as the recording layer since 
the optical system used for recording can be simplified 
and since large reproduced signals can be obtained 30 
even in small mark recording. 

[0098] As the composition of the recording layer used 
for said phase change recording, a composition con- 
taining tellurium and at least two or more metals 
selected from germanium, antimony, indium, silver, pal- 35 
ladium, platinum, gold, cobalt, chromium, niobium and 
nickel is preferable since the recording characteristics, 
recording mark stability and reversibility are excellent. 
[0099] For example, Pd-Ge-Sb-Te alloy, Nb-Ge-Sb-Te 
alloy. Ni-Ge-Sb-Te alloy, Ge-Sb-Te alloy, Co-Ge-Sb-Te 40 
alloy, In-Sb-Te alloy, Ag-ln-Sb-Te alloy, ln r Se alloy, etc. 
can be used. 

[0100] Since the record can be rewritten many times, 
Pd-Ge-Sb-Te alloy, Nb-Ge-Sb-Te alloy, Ge-Sb-Te alloy 
and Co-Ge-Sb-Te alloy are especially preferable. 45 
[0101] Especially Pd-Ge-Sb-Te alloy and Nb-Ge-Sb- 
Te alloy are preferable because of short erasure time, 
possibility of repeating recording and erasing many 
times and excellent recording characteristics such as 
C/N and erasure rate. so 
[0102] The thickness of the recording layer is not 
especially limited, but it is preferable that the thickness 
is 10 to 100 nm. Especially because of high recording 
and erasing sensitivities and possibility of many times of 
recording and erasing, a range from 10 nm to 40 nm is 55 
more preferable, and a range from 10 nm to 30 nm is 
especially preferable. 

[0103] It is especially preferable that the composition 



of the recording layer is expressed by the following for- 
mula. Composition formula: M z ( Sb x Te i-x)i-y- 
z (Ge 05 Te 05 ) y 

0.35 S x ^ 0.5 

0.2 s y s 0.5 

0.0005 s z s 0.005 

where M denotes at least one metal selected from a 
group consisting of palladium, niobium, platinum, silver, 
gold and cobalt, and x, y, z and respective numerals 
express the number of atoms of each element (number 
of moles of each element). 

[0 1 04] For the second dielectric layer, the same mate- 
rials as used for the first dielectric layer can be prefera- 
bly used. The material of the second dielectric layer can 
be identical with or different from that of the first dielec- 
tric layer. In view of recording characteristics, it is prefer- 
able that the thickness of the second dielectric layer is 5 
nm to 80 nm. A more preferable range is 5 nm to 30 nm, 
and an especially preferable range is 10 nm to 30 nm. 
[0105] Preferable materials which can be used as the 
reflective layer include metals capable of reflecting light 
such as Al, Au, Ag and Cu, their alloys and mixtures 
consisting of any of these metals and any of metal com- 
pounds of these metals such as metal oxides, metal 
nitrides and metal carbides. Especially metals with a 
high reflectance such as Al, Au, Ag and Cu and alloys 
containing 80 atom% or more of any of these metals as 
a main component are preferable. As required, a semi- 
conductor material with a high refractive index such as 
Si or Ge can also be used. A typical thickness of the 
layer is about 50 nm to about 200 nm. 
[0106] Typical alloys used for the reflective layer 
include those obtained by adding 5 atom% to 0.5 
atom% in total of at least one element selected from Si, 
Mg, Cu, Pd, Ti, Hf, Zr. Ta, Cr, Nb, Mn, etc. to Al, and 
those obtained by adding 20 atom% to 1 a torn % in total 
of at least one element selected from Cr, Ag, Cu, Pd, Pt 
and Ni to Au. Especially an alloy mainly containing Al is 
preferable since the material cost can be low. 
[0107] Since an Al alloy is good in corrosion resist- 
ance, an alloy obtained by adding 5 atom% to 0.5 
atom% in total of one or more metals selected from Ti, 
Cr, Zr and Hf and 0.05 atom% to 0.5 atom% of Pd to Al 
is preferable. 

[01 08] The substrate used can be a glass substrate or 
resin substrate. It is preferable in view of low cost and 
easy processability to use a substrate made of at least 
one resin selected from a group consisting of polycar- 
bonates, polyolefins, polyimides, polyamides, polyphe- 
nylene sulfide and polyethylene terephthalate. 
[01 09] It is practical that the thickness of the substrate 
is 0.003 mm to 5 mm. If the thickness is less than 0.003 
mm, it is difficult to handle it in forming the recording 
layer, etc. by a vacuum thin film forming method. If more 
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than 5 mm, the weight of the optical recording medium 
becomes large unpreferabry. 

[0110] For producing an inexpensive optical floppy, 
etc., it is preferable that the substrate is a flexible resin 
film or sheet with a thickness of 10 u.m to 200 urn In this 
case, for a phase change recording medium, it is prefer- 
able to use a resin substrate with a thermal deformation 
temperature of 150°C or higher, since the initialization 
(crystallization) can be effected simply by a heating 
means such as an oven. The resin can be selected from 
polyimide and polyamide resins. 

[0111] Especially in the case of a phase change 
recording medium, it is preferable to constitute the main 
portion of the optical recording medium as described 
below, because of high recording sensitivity, possibility 
of overwriting by a single beam at a high speed, large 
erasure rate and good erasing characteristic. 
[01 12] An optical recording medium comprising a lam- 
inate structure in which a 5 nm to 50 nm thick liquid 
lubricant layer, a 5 nm to 100 nm thick carbon film as a 
solid lubricant layer, a 20 nm to 200 nm thick mixed film 
consisting of ZnS, SiO and carbon as a first dielectric 
layer, a 10 nm to 30 nm thick recording layer, a 10 nm to 
30 nm thick second dielectric layer, a 50 nm to 200 nm 
thick reflective layer and a substrate are laminated in 
this order from the incident light side. 
[0113] The light source used for recording of the opti- 
cal recording medium is a high intensity light source 
such as a laser beam. Especially a semiconductor laser 
beam is preferable because of small light source, low 
power consumption and easy modulation. 
[0114] The methods for forming the respective layers 
of the present invention are described below. The die- 
lectric layer, recording layer and reflective layer can be 
formed by a vacuum thin film formation method such as 
sputtering as adopted hitherto. To form a protective 
resin layer made of a violet light setting resin, spin coat- 
ing can be followed by hardening by ultraviolet light. A 
resin dissolved by a solvent can also be applied. If the 
protective resin layer is a resin sheet or film, it can be 
bonded using an adhesive of an ultraviolet light setting 
resin. 

[01 1 5] For the semiconductor laser, beam splitter and 
photo diode for detection and their optical disposition in 
the optical recording medium, conventional techniques 
known in the CD and DVD devices exclusive for repro- 
duction, and rewritable type optical disc devices for 
phase change optical disc and magneto-optical disc can 
be used. 

Examples 

[Example 1) 

[0116] A 150 nm thick reflective layer made of Al-Hf- 
Pd alloy was formed on a 0.6 mm thick 12 cm dia. poly- 
carbonate disc substrate by RF sputtering in an argon 
gas atmosphere of 0.2 Pa pressure, with the substrate 



rotated around itself and around the sputtering source, 
and furthermore, a 16 nm thick second dielectric layer 
made of a mixture consisting of ZnS and Si0 2 (Si0 2 20 
mol%), a 19 nm thick recording layer made of 

5 P°<).oo2 Ge o.i7 Sb o.27 Te o.56 (molar ratio), a 140 nm thick 
dielectric layer made of a mixture Consisting of ZnS and 
SiC>2 (Si0 2 20 mol%) and a 25 nm thick amorphous car- 
bon film were formed one after another. Then, the entire 
recording region of the recording layer was crystallized 

1Q by a laser beam, and the outermost surface was coated 
with perfluoroalkylethylenes (Rf-CH=CH 2 , Rf: C 6 F 13 - 
C 12 F 25 ) to have a thickness of about 10 nm (measured 
by the ellipsometric method) by a spin coater, for form- 
ing a lubricant layer. Thus, an optical recording medium 

15 of the present invention was prepared. 

[Example 2] 

[0117] A 1 20 nm thick reflective layer made of Al-Hf- 

20 Pd alloy was formed on a 0.75 mm thick 12 cm dia. poly- 
imide resin film substrate by RF sputtering in an argon 
gas atmosphere of 0.2 Pa pressure, with the substrate 
rotated around itself and around the sputtering source, 
and furthermore, a 12 nm thick second dielectric layer 

25 made of a mixture consisting of ZnS and Si0 2 (Si0 2 20 
mol%), a 20 nm thick recording layer made of 
Pdo.oo2 Ge o.i7 sb o.27 Te o.S6 (molar ratio), a 25 nm thick 
dielectric layer made of a mixture consisting of ZnS and 
Si0 2 (Si0 2 20 moI%) and a 25 nm thick amorphous car- 

30 bon film as a dielectric layer were formed one after 
another. Furthermore, on the other side of the film sub- 
strate, a recording layer with the same composition was 
formed by sputtering. Then, the film substrate was 
heated in an oven at 200°C for 5 minutes, to crystallize 

35 the entire surface of the recording layer, and was cooled 
naturally. The outermost surface was coated with per- 
fluoroalkylethylenes (Rf-CH=CH 2 , Rf: C 6 F 13 - C 12 F 25 ) 
to have a thickness of about 10 nm (measured by the 
ellipsometric method) by a spin coater, for forming a 

40 lubricant layer. Thus, a recording, medium of the present 
invention was prepared. 

[Example 3] 

45 [011 8] The carbon film as the outermost surface of the 
optical recording medium with the same composition as 
that of the optical recording medium of Example 1 was 
coated with an ultraviolet light setting acrylic resin 
(SD101 produced by Dainippon Ink & Chemicals, Inc.), 

so and the resin was hardened by irradiation with ultravio- 
let light, to form a 0.010 mm thick protective resin layer. 
The outermost surface was coated with perfluoro- 
alkylethylenes (Rf-CH=CH . Rf: C 6 F 13 - C n2 F 25 ) to 
have a thickness of about 10 nm (measured according 

55 to the ellipsometric method) by a spin coater, for forming 
a lubricant layer. Thus, an optical recording medium of 
the present invention was prepared. 



10 



19 



EP 0 977 192 A1 



20 



Industrial Applicability 

[0119] The present invention provides an optical 
recording device large in the depth of focus, good in 
operation stability, and high in assembling accuracy 5 
allowance. 

[01 20] The optical recording device is unlikely to dam- 
age the optical recording medium and the optical sys- 
tem when the information is recorded on the optical 
recording medium or read from the optica) recording io 
medium even if the optical system (near-field lens or 
optical waveguide) used is located in contact with or 
very closely to the surface of the optical recording 
medium. 

15 

Claims 

1. An optical recording device, which comprises an 
optical recording medium, an optical system for 
entering information into the optical recording 20 
medium or delivering information from the optical 
recording medium, and a light source, character- 
ized in that the outermost layer of the optical 
recording medium facing the optical system is a 
lubricant layer, and that the optical system has a 25 
near-field lens provided in contact with or closely to 

the surface of the outermost layer of the optical 
recording medium. 

2. An optical recording device, according to claim 1, 30 
wherein the effective numerical aperture of the 
near-field lens is 0.8 to 2. 

3. An optical recording device, which comprises an 
optical recording medium, an optical system for 35 
entering information into the optical recording 
medium or delivering information from the optical 
recording medium, and a light source, character- 
ized in that the outermost layer of the optical 
recording medium facing the optical system is -a -<to 
lubricant layer, and that the optical system has a 
near-field lens provided in contact with or closely to 

the surface of the outermost layer of the optical 
recording medium, a collimating lens provided 
between the near-field lens and the light source, 45 
and an apodizer provided on the light source side or 
the near-field lens side of the collimating lens. 

4. An optical recording device, according to claim 3, 
wherein the effective numerical aperture of the so 
near-field lens is 0.8 to 2. 

5. An optical recording device, according to claim 1 or 
3, wherein the near-field lens is a lens selected 
from a group consisting of a solid immersion lens, 55 
stigmatic focusing solid immersion lens and liquid 
immersion lens. 



6. An optical recording device, according to claim 1 or 
3, wherein the surface of the near-field lens on the 
light source side and the surface on the optical 
recording medium side are spherical. 

7. An optical recording device, according to claim 6, 
wherein the shortest distance between the surface 
of the optical recording medium and the surface of 
the near-field lens in the periphery of the incident 
light beam spot on the surface of the optical record- 
ing medium is 10 nm to 200 nm. 

8. An optical recording device, according to claim 1 or 
3, wherein the near-field lens is made of a material 
mainly composed of aluminum oxide. 

9. An optical recording device, which comprises an 
optical recording medium, an optical system for 
entering information into the optical recording 
medium or delivering information from the optical 
recording medium, and a light source, character- 
ized in that the outermost layer of the optical 
recording medium facing the optical system is a 
lubricant layer, and that the optical system has an 
optical waveguide having a minute aperture pro- 
vided in contact with or closely to the surface of the 
outermost layer of the optical recording medium. 

10. An optical recording device, according to claim 1, 3 
or 9, which is a laminate having the lubricant layer 
as the outermost layer and successively a record- 
ing layer, a dielectric layer, a reflective layer and a 
substrate in this order. 

1 1 . An optical recording device, according to claim 1 , 3 
or 9, which is a laminate having the lubricant layer 
as the outermost layer and successively a first die- 
lectric layer, a recording layer, a second dielectric 
layer, a reflective layer and a substrate in this order. 

12. An optical recording device, according to claim 10, 
wherein a protective resin layer is provided 
between the lubricant layer and the recording layer. 

13. An optical recording device, according to claim 10, 
wherein the lubricant layer is a lubricant layer 
formed by a flowable liquid. 

14. An optical recording device, according to claim 10, 
wherein the lubricant layer is a lubricant layer 
formed by a solid. 

15. An optical recording device, according to claim 10, 
wherein the lubricant layer consists of a lubricant 
layer formed by a solid and a lubricant layer formed 
by a flowable liquid on the lubricant layer formed by 
a solid. 
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16. An optical recording device, according to claim 13 
or 15, wherein the thickness of the lubricant layer 
formed by a flowable liquid is not larger than 1/2 of 
the wavelength in vacuum of the light used for 
recording or reproduction and not smaller than 3 5 
nm. 

17. An optical recording device, according to claim 13 
or 15. wherein the lubricant of the lubricant layer 
formed by a flowable liquid contains at least one 10 
compound selected from a group consisting of poly- 
fluoroethers, polyfluoroesters, fluoroalkylethylenes 
and fluoroalkylethanols. 

18. An optical recording device, according to claim 14 75 
or 15, wherein the lubricant of the lubricant layer 
formed by a solid is mainly composed of carbon or 
carbon nitride. 

19. An optical recording device, according to claim 10, 20 
wherein the recording layer is made of a phase 
change recording material or magneto-optical 
recording material. 

20. An optica! recording device, according to claim 19, 25 
wherein the recording layer is made of a phase 
change recording material and the phase change 
recording material contains tellurium and at least 
two metals selected from a group consisting of ger- 
manium, antimony, indium, silver, palladium, plati- 30 
num. gold, cobalt, chromium, niobium and nickel. 

21. An optical recording device, according to claim 11, 
wherein the thickness of the first dielectric layer is 

20 nm to 200 nm. 35 

22. An optical recording device, according to claim 10, 
wherein the substrate is made of at least one resin 
selected from a group consisting of polycarbonates, 
polyolefins, polyimides, polyamides, polyphenylene 40 
sulfide and polyethylene terephthalate. . 

23. An optical recording device, according to claim 10, 
wherein the substrate is a flexible resin film or sheet 
with a thickness of 10 urn to 200 u,m. 45 

24. An optical recording device, according to claim 3, 
wherein the apodizer has a zonal aperture or a cir- 
cular or annular phase contrast plate. 

so 

25. An optical recording device, according to claim 3, 
wherein the apodizer is a circular phase correction 
plate. 

26. An optical recording device, according to claim 3, 55 
wherein the apodizer is an annular phase correc- 
tion plate. 



27. An optical recording device, according to claim 3, 
wherein the apodizer is provided on the light source 
side of the collimating lens. 

28. An optical recording medium, which comprises a 
recording medium and a substrate and allows infor- 
mation to be recorded or reproduced, comprising a 
laminate consisting of a lubricant layer, said record- 
ing layer, a dielectric layer, a reflective layer and 
said substrate laminated in this order. 

29. An optical recording medium, which comprises a 
recording medium and a substrate and allows infor- 
mation to be recorded or reproduced, comprising a 
laminate consisting of a lubricant layer, a first die- 
lectric layer, said recording layer, a second dielec- 
tric layer, a reflection layer and said substrate 
laminated in this order. 

30. An optical recording medium, according to claim 
28, wherein a protective resin layer is provided 
between the lubricant layer and the recording layer. 

31. An optical recording medium, according to claim 
28, wherein the lubricant layer is a lubricant layer 
formed by a flowable liquid. 

32. An optical recording medium, according to claim 
28, wherein the lubricant layer is a lubricant layer 
formed by a solid. 

33. An optical recording medium, according to claim 
28, wherein the lubricant layer consists of a lubri- 
cant layer formed by a solid and a lubricant layer 
formed by a flowable liquid on the lubricant layer 
formed by a solid. 

34. An optical recording medium, according to claim 31 
or 33, wherein the thickness of the lubricant layer 
formed by a flowable liquid is not lager than 1/2 of 
the wavelength in vacuum of the light used for 
recording or reproduction and not smaller than 3 
nm. 

35. An optical recording medium, according to claim 31 
or 33, wherein the lubricant of the lubricant layer 
formed by a flowable liquid contains at least one 
compound selected from a group consisting of poly- 
fluoroethers, polyfluoroesters, fluoroalkylethylenes 
and fluoroalkylethanols. 

36. An optical recording medium, according to claim 32 
or 33, wherein the lubricant of the lubricant layer 
formed by a solid is mainly composed of carbon or 
carbon nitride. 

37. An optical recording medium, according to claim 
28, wherein the recording layer is made of a phase 
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change recording material or magneto-optical 
recording material. 

38. An optical recording medium, according to claim 
37, wherein the recording layer is made of a phase 
change recording material and the phase change 
recording material contains tellurium and at least 
two metals selected from a group consisting of ger- 
manium, antimony, indium, silver, palladium, plati- 
num, gold, cobalt, chromium, niobium and nickel. 
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16. An optical recording device, according to daim 13 
or 15, wherein the thickness of the lubricant layer 
formed by a flowable liquid is not larger than 1/2 of 
the wavelength in vacuum of the light used for 
recording or reproduction and not smaller than 3 
nm. 

17. An optical recording device, according to claim 13 
or 15, wherein the lubricant of the lubricant layer 
formed by a flowable liquid contains at least one 
compound selected from a group consisting of poly- 
fluoroethers, polyfluoroesters, fluoroalkylethylenes 
and fluoroalkylethanols. 

18. An optical recording device, according to claim 14 
or 15, wherein the lubricant of the lubricant layer 
formed by a solid is mainly composed of carbon or 
carbon nitride. 

19. An optical recording device, according to claim 10, 
wherein the recording layer is made of a phase 
change recording material or magneto-optical 
recording material. 

20. An optical recording device, according to claim 19, 
wherein the recording layer is made of a phase 
change recording material and the phase change 
recording material contains tellurium and at least 
two metals selected from a group consisting of ger- 
manium, antimony, indium, silver, palladium, plati- 
num, gold, cobalt, chromium, niobium and nickel. 

21. An optical recording device, according to claim 11, 
wherein the thickness of the first dielectric layer is 
20 nm to 200 nm. 

22. An optical recording device, according to claim 10, 
wherein the substrate is made of at least one resin 
selected from a group consisting of polycarbonates, 
polyolefins, polyimides, polyamides, polyphenylene 
sulfide and polyethylene terephthalate. " 

23. An optical recording device, according to claim 10, 
wherein the substrate is a flexible resin film or sheet 
with a thickness of 1 0 urn to 200 um. 

24. An optical recording device, according to claim 3, 
wherein the apodizer has a zonal aperture or a cir- 
cular or annular phase contrast plate. 

25. An optical recording device, according to claim 3, 
wherein the apodizer is a circular phase correction 
plate. 

26. An optical recording device, according to claim 3, 
wherein the apodizer is an annular phase correc- 
tion plate. 



27. An optical recording device, according to claim 3, 
wherein the apodizer is provided on the light source 
side of the collimating lens. 

5 28. An optical recording medium, which comprises a 
recording medium and a substrate and allows infor- 
mation to be recorded or reproduced, comprising a 
laminate consisting of a lubricant layer, said record- 
ing layer, a dielectric layer, a reflective layer and 

10 said substrate laminated in this order. 

29. An optical recording medium, which comprises a 
recording medium and a substrate and allows infor- 
mation to be recorded or reproduced, comprising a 
15 laminate consisting of a lubricant layer, a first die- 
lectric layer, said recording layer, a second dielec- 
tric layer, a reflection layer and said substrate 
laminated in this order. 

20 30. An optical recording medium, according to claim 
28, wherein a protective resin layer is provided 
between the lubricant layer and the recording layer. 

31. An optical recording medium, according to claim 
25 28, wherein the lubricant layer is a lubricant layer 

formed by a flowable liquid. 

32. An optical recording medium, according to claim 
28, wherein the lubricant layer is a lubricant layer 

30 formed by a solid. 

33. An optical recording medium, according to claim 
28, wherein the lubricant layer consists of a lubri- 
cant layer formed by a solid and a lubricant layer 

35 formed by a flowable liquid on the lubricant layer 

formed by a solid. 

34. An optical recording medium, according to claim 31 
or 33, wherein the thickness of the lubricant layer 

40 formed by a flowable liquid is not lager than 1/2 of 
the wavelength in vacuum of the light used for 
recording or reproduction and not smaller than 3 
nm. 

45 35. An optical recording medium, according to claim 31 
or 33, wherein the lubricant of the lubricant layer 
formed by a flowable liquid contains at least one 
compound selected from a group consisting of poty- 
fluoroethers, polyfluoroesters, fluoroalkylethylenes 

50 and fluoroalkylethanols. 

36. An optical recording medium, according to claim 32 
or 33, wherein the lubricant of the lubricant layer 
formed by a solid is mainly composed of carbon or 

55 carbon nitride. 

37. An optical recording medium, according to claim 
28, wherein the recording layer is made of a phase 
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16. An optical recording device, according to claim 13 
or 15, wherein the thickness of the lubricant layer 
formed by a flowable liquid is not larger than 1/2 of 
the wavelength in vacuum of the light used for 
recording or reproduction and not smaller than 3 5 
nm. 

17. An optical recording device, according to claim 13 
or 15, wherein the lubricant of the lubricant layer 
formed by a flowable liquid contains at least one 10 
compound selected from a group consisting of poly- 
fluoroethers, polyfluoroesters, fluoroalkylethylenes 
and fluoroalkylethanols. 

18. An optical recording device, according to claim 14 is 
or 15, wherein the lubricant of the lubricant layer 
formed by a solid is mainly composed of carbon or 
carbon nitride. 

19. An optical recording device, according to claim 10, 20 
wherein the recording layer is made of a phase 
change recording material or magneto-optical 
recording material. 

20. An optical recording device, according to claim 19, 25 
wherein the recording layer is made of a phase 
change recording material and the phase change 
recording material contains tellurium and at least 
two metals selected from a group consisting of ger- 
manium, antimony, indium, silver, palladium, plati- 30 
num. gold, cobalt, chromium, niobium and nickel. 

21 . An optical recording device, according to claim 1 1 , 
wherein the thickness of the first dielectric layer is 
20nmto 200nm. 35 

22. An optical recording device, according to claim 10, 
wherein the substrate is made of at least one resin 
selected from a group consisting of polycarbonates, 
polyolefins, polyimides, polyamides, polyphenylene. 40 
sulfide and polyethylene terephthalate. . 

23. An optical recording device, according to claim 10, 
wherein the substrate is a flexible resin film or sheet 
with a thickness of 10 ujti to 200 u.m. 45 

24. An optical recording device, according to claim 3, 
wherein the apodizer has a zonal aperture or a cir- 
cular or annular phase contrast plate. 

so 

25. An optical recording device, according to claim 3, 
wherein the apodizer is a circular phase correction 
plate. 

26. An optical recording device, according to claim 3, 55 
wherein the apodizer is an annular phase correc- 
tion plate. 



27. An optical recording device, according to claim 3, 
wherein the apodizer is provided on the light source 
side of the collimating lens. 

28. An optical recording medium, which comprises a 
recording medium and a substrate and allows infor- 
mation to be recorded or reproduced, comprising a 
laminate consisting of a lubricant layer, said record- 
ing layer, a dielectric layer, a reflective layer and 
said substrate laminated in this order. 

29. An optical recording medium, which comprises a 
recording medium and a substrate and allows infor- 
mation to be recorded or reproduced, comprising a 
laminate consisting of a lubricant layer, a first die- 
lectric layer, said recording layer, a second dielec- 
tric layer, a reflection layer and said substrate 
laminated in this order. 

30. An optical recording medium, according to claim 
28, wherein a protective resin layer is provided 
between the lubricant layer and the recording layer. 

31. An optical recording medium, according to claim 
28, wherein the lubricant layer is a lubricant layer 
formed by a flowable liquid. 

32. An optical recording medium, according to claim 
28, wherein the lubricant layer is a lubricant layer 
formed by a solid. 

33. An optical recording medium, according to claim 
28, wherein the lubricant layer consists of a lubri- 
cant layer formed by a solid and a lubricant layer 
formed by a flowable liquid on the lubricant layer 
formed by a solid. 

34. An optical recording medium, according to claim 31 
or 33, wherein the thickness of the lubricant layer 
formed by a flowable liquid is not lager than 1/2 of 

. the wavelength in vacuum -pf the light used for 
recording or reproduction and not smaller than 3 
nm. 

35. An optical recording medium, according to claim 31 
or 33, wherein the lubricant of the lubricant layer 
formed by a flowable liquid contains at least one 
compound selected from a group consisting of poly- 
fluoroethers, polyfluoroesters, fluoroalkylethylenes 
and fluoroalkylethanols. 

36. An optical recording medium, according to claim 32 
or 33, wherein the lubricant of the lubricant layer 
formed by a solid is mainly composed of carbon or 
carbon nitride. 

37. An optical recording medium, according to claim 
28, wherein the recording layer is made of a phase 
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Fig. 8 
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